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Abstract: Spermophilus xanthoprymnus (Bennett, 1835), the Asia Minor ground squirrel, is a group-living, diurnal,
obligately hibernating marmotine squirrel. Tt inhabits the steppes and alpine meadows throughout central lowland and
eastern highland Anatolia and adjacent Armenia and northwestern Iran. Its preferred elevation appears to range from about
800 to 2,900 m. The species displays sexual dimorphism in size, with adult males being considerably larger than adult females
and exhibits geographic variation in body size. It is presently listed as *“Near Threatened™ on the 2009 International Union for
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Spermophilus xanthoprymnus (Bennett, 1835)
Asia Minor Ground Squirrel

Citillus xanthoprymna Bennett, 1835:90. Type locality
“Erzeroun” (= Erzurum), Turkey.

Splermophilus). xanthoprymnus: Schinz, 1845:72. First use of
current name combination.

Citellus schmidti Satunin, 1908:28. Type locality *‘Kars,”
Turkey.

Citellus citellus gelengius Mursaloglu, 1965:86. Type locality
“Aksaray,” Turkey.

ConTeXT AND ConTeNT. Order Rodentia, suborder Sciur-
omorpha, family Sciuridae, subfamily Xerinae, tribe Mar-
motini (Wilson and Reeder 2005). Spermophilus xantho-
prymnus is considered polytypic by Mursaloglu (1963), with
2 named and | unnamed subspecific taxa based on body size:
the largest (nominate) S. x. xanthoprymnus occurring in
northeastern highland Anatolia (note that geographically
Anatolia is the Asian part of Turkey), the intermediate S. x.
gelengius occurring in central lowland Anatolia, and the
smallest (unnamed) subspecies occurring in the east of Lake
Van. Although Kryitufek and Vohralik (2003) reluctantly
accepted the taxonomic validity of the 2 named subspecies,
these subspecies are not well supported by geographic
patterns of morphometric and mitochondrial DNA
(mtDNA) variation (Giindiiz et al. 2007a; Giir 2007). Much
of the morphometric variation occurs along environmental
gradients, making the recognition of subspecies untenable,
Furthermore, neither S. x. xanthoprymnus nor 8. x. gelengius

vields a monophyletic set of the cytochrome-b mtDNA
sequences.

NomencLaTuraL NoTes. The generic name, Spermophilus
Cuvier, 1825, should be used in preference to Cirellus Oken,
1816, because Oken’s names were inconsistently binomial
{Hershkovitz 1949) and thus the International Commission
on Zoological Nomenclature (1956 —Qpinion 417) validated

Fig. 1.—Adult female Spermaphilus xanthoprymnus from Fakibeyli
village, Yozgat, Turkey. Photographed in the wild by H. Giir on 14
June 2005,

ZZ0Z Yole|\ Lz uo Jasn IseysioAlun uelAT IUY Aq 2962+92/€81/798/2 /8101 e/sal0adsw/woo dno-ojwepeoe//:sdiy wolj papeojumoq



184 MAMMALIAN SPECIES

the next oldest appropriate name, Spermophilus (Yensen and
Sherman 2003). Helgen et al. (2009) recognized 8 genera
formerly subsumed in Spermophilus. Only Spermophilus
sensu stricto is restricted to Eurasia. Thus, the generic
name, Spermophilus, is still valid for the Asia Minor ground
squirrel.

The generic name Spermophilus means seed-loving and is
derived from the Greek spermatos for seed and philos for
loving. The specific epithet xanthoprymnus means yellowish
underparts and is denived from the Greek xanthos for the
vartous shades of yellow and prymnos for undermost (Jaeger
1955). S. xanthoprymnus has also been referred to as the
Anatolian ground squirrel (Gfir and Barlas 2006; Giir and
Kart Giir 2005; Kart Giir et al. 2009; Krystufek et al. 2008) or
Anatolian souslik (Cakir and Karatag 2004) and in Turkish
most commonly as gelengi or tarla sincab (Demirsoy 1997;
Eren 1999; Yigit et al. 2006a). Spermophilus taurensis, which
occurs in the eastern part of the western Taurus Mountains,
was known as S. xanthoprymnus until Glindiiz et al. (2007a)
provided data to support their separation.

Ground squirrels from east of Lake Van were identified
by Thomas (1905:523) as “Citellus concolor Geoft.,” but are
actually S. xanthoprymnus. Spermophilus concolor 1. Geof-
froy Saint-Hilaire, 1831, is a junior synonym of S. fulvus
Lichtenstein, 1823 (Ellerman and Morrison-Scott 1951;
Krystufek and Vohralik 2005).

DIAGNOSIS

[n addition to Spermophilus xanthoprymnus, the Euro-
pean ground squirrel (8. citeflus) and newly recognized §.
taurensis are native to Turkey. 8. citellus is distributed in
eastern Europe, including the European part of Turkey west
of the Bosphorus (Mitchell-Jones et al. 1999). S. raurensis is
distributed in the Anatolian part of Turkey, in the eastern
part of the western Taurus Mountains, and is parapatric
with S, xanthoprymnus at the northernmost limit of its
distribution area (Giindiiz et al. 2007a; Ozkurt et al. 2007).

Tail is shorter and ptervgoid fovea of the condylar
process of the mandible is more anteriorly positioned in S.
xanthoprymnus than in either S. citellus or 5. raurensis
(Giindiiz et al. 2007a; Krystufek and Vohralik 20035; Ozkurt
et al. 2007; Yigit et al. 2003). Compared to 8. citellus, further
diagnostic characters are as follows: pelage has a more
uniform color with no spotted pattern (Fig. 1); tail lacks a
dark stripe along its dorsal side; skull is more angular in
dorsal view (Fig. 2); anterior margins of the zygomatic
arches are more posteriorly positioned; anterior parts of the
zygomatic arches are thicker; interorbital region is wider;
and auditory bullae are shorter and more rounded (Giindiz
et al. 2007a; Krydtufek and Vohralik 2005). Compared 1o 8.
taurensis, further diagnostic characters are as follows: pelage
has a less reddish color; tail is narrower and lacks a black
tip; supraorbital ridges are divergent posteriorly; sagittal and
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Fig. 2.—Dorsal, ventral, and lateral views of skull and lateral view
of mandible of an adult female Spermophilus xanthoprymnus from
Incesu village, Giiriin, Sivas, Turkey (Ahi Evran University, 534).
Collected by H. Gir on 27 June 2005. Condylobasal length is
40.84 mm.
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lambdoidal crests are not reduced; and cheek toothrows are
more posteriorly positioned (Gindiiz et al. 2007a, 2007b;
Ozkurt et al. 2007). Although skull characters are not
consistently diagnostic {Giindiiz et al. 2007a; KryStufek and
Vohralik 2005), when geometric morphometrics methods are
used, divergence in skuli (cranium and mandible) shape is
sufficient to classify about 95% of individuals correctly into
the 3 species, S. citellus, §. taurensis, and S. xanthoprymnus
{Gilindiiz et al. 2007a).

GENERAL CHARACTERS

Spermophilus xanthoprymnus is 2 medium-sized ground
squirrel with a round body, short limbs, and a short, round
tail (Fig. 1). Head is convex in dorsal profile, eyes are large,
and ears are small. The upperparts are “nearly uniform
reddish buff but vary from nearly grayish to dark brown
with hardly any yellowish tinges; there are no spots”
{Krystufek and Vohralik 2005:44-45). Eve rings are whitish.
Throat and chin arc usvally white. Abdomen is whitish or
yellowish. Limbs are pale, whitish or yellowish. Tail is
approximately of the same coloration as the upperparts
{Krystutek and Vohralik 2005).

Spermophilus xanthoprymnus displays extensive sexual
size dimorphism, with adult males considerably larger than
adult females {Giir 2007; Mursaloglu 1964). Means = SD
(ranges} of standard external measurements (mm) for adult
males (# = 13) and females (r = 18), respectively, from
Erzurum (in portheastern highland Anatolia), the province
from which S. xanthoprymnus was st recognized, were: total
length, 273.5 + 7.0 (265-289), 255.8 = 8.0 (245-275); length
of tail, 48.2 + 3.4 (42-52), 44.2 *+ 3.0 (38-50); length of hind
foot, 41.8 £ 1.2 (40-43),40.3 = 1.0 (38-42); length of car, 10.6
* 1.3(8-13), 10.5 * 1.5 (7-13—Mursalogtu 1965). The same
measurements (mm) for adult males (# = 14) and females (n =
14}, respectively, from Aksaray (in central lowland Anatolia),
the province from which S. xanthoprymnus gelengius was st
recognized, were: total length, 260.4 = 9.4 (248-281), 247.0 =
8.0 (231-260); length of tail, 46.8 = 5.9 (39-58), 41.5 + 5.7
(31-54); length of hind foot, 40.9 = 2.0 (38-45), 39.0 + 1.7
{36-42); length of car, 94 * 1.6 (7-12), 84 = 1.3 (6-11—
Mursaloglu 1965). Means = SD {ranges) of body mass (g) and
skull measurements (mm) for adult males (m = 78) and
females (n = 90), respectively, collected during June and July
from 10 geographic localities, covering almost all of the
distribution area of S. xanthoprymnus were: body mass, 328.8
+ 77.0 (235-490), 256.8 = 58.6 (170-410); condylobasal
length, 44.00 = 1.56 (39.14-47.33), 42.00 = 1.30 (38.49-
45.15); zygomatic width, 30.45 * 1.34 (27.58-33.39), 28.99 +
0.88 (27.25-30.97); length of mandibie, 30.32 = 1.29 (26.80-
32.86), 28.91 = 1.01 (26.47-30.95); height of mandible, 16.18
= 0.82 (14.67-18.72), 15.40 = 0.66 (13.73-16.81); length of
mandibular toothrow, 8.80 = (.36 (8.01-9.48), 8.58 = 0.39
(7.74-9.47—based on data in Giir 2007).
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Spermophilus xanthoprvmnaus exhibits considerable geo-
graphic variation it body size (estimated from skull charac-
ters). Interlocality differences account for about 65% of the
variation in body size of adult males and females. In both sexes,
body size increases toward colder, more seasonal environments
with higher summer precipitation and productivity, toward
northeastern highland Anatolia. Males respond more strongly
than females, especially to seasonality of the environment, and
therefore both sexes exhibit slightly different patterns of
geographic varation in body size. Food availability and,
cspecially in males, overwinter fasting endurance are likely the
primary underlying mechanisms generating the observed
patiern of geographic variation in body size. As expected,
sexual size dimorphism, too, varies geographically and appears
Lo increase toward northeastern highland Anatolia (Gir 2007,
2010).

The baculum of §. xanthoprymnus was described by
Kaya and Simsek {1986) and is essentially the same shape as
in 8 citellus (KryStufek and Vohralik 2005). Length of
baculum ranges approximately from 2.1 to 2.7 mm (esti-
mated from Kaya and Simgek 1986:figures 6 and g).

DISTRIBUTION

Spermophilus xanthoprymnus is endemic to Turkey and
small areas nearby, where it is distributed in central lowland
and eastern highland Anatolia and in small areas in adjacent
Armenia and northwestern Iran (Fig. 3; Gindiiz et al. 2007a;
Giir 2007; Krystufek and Vohralik 2005, Gsborn 1964;
Ozkurt et al. 2007; Yigit et al. 2006a). The species also is
known from a few localities in southern Anatolia, in both the
Teke Peninsula and Cukurova plain (Cakir and Karatag 2004;
Corbet and Morris 1967, KryStufek and Vohralik 2003;
Ozkurt et al, 2007; Yigit and Colak 1998). In these 2 regions,
the populations are probably isolated from the main
distribution area (Fig. 3) and warrant further biogeograph-
ical studies. For example, because S. tawrensis was recently
recognized in the eastern part of the western Taurus
Mountains (Gindiiz et al. 2007a), the designation of
populations in the Teke Peninsula, in the western part of
the western Taurus Mountains, as S. xanthoprymnus requires
confirmation. The presence of the species in the Cukurova
plain, regarded as biogeographically different from the main
distribution area, also requires explanation. Competition with
8. taurensis may be preventing expansion of the distribution
area of §. xanthoprymnus into the eastern part of the western
Taurus Mountains. Documented elevational range of S.
xanthoprymnus is from about 800 to 2,900 m above sea level
(Kryitufek and Vohralik 2005; Ozkurt et al. 2005).

FOSSIL RECORD

The fosstl records of ground squirrels in Anatolia are
from early Pleistocene in Karain, Antalya (Storch 1938) and
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Fig. 3.—Geographic distribution of Spermophifus xanthoprymnus in
Turkey and adjacent countries (see text for literature citations).

Dursunlu, Ilgin, Konya (Giile¢ et al. 1999), and middle
Pleistocene in Sakiz {Chios) Island (Storch 1975) and
Emirkaya-2, Seydisehir, Konya {Sen et al. 1991). The fossil
remains from Karain and Sakiz Island were described as
Spermophilus xanthoprymnus (KryStufek and Vohralik 2005)
and those from Dursunlu and Emirkaya-2 as Spermophilus.
Modern species of ground squirrels have evolved within, or
relatively close to, their present distribution areas (Harrison
et al. 2003). Dursunlu falls within the present distribution
area of S, xanthoprymnus. Thus, the fossil remains from
Dursunlu probably represent this species. Because Emir-
kaya-2 is also close geographically to the present distribution
area of S tawrensis, the fossil remains from this site may
belong to either of the 2 species (8. tawrensis and S.
xanthoprymnus). Karain and Sakiz Island are outside the
present distribution area of S. xanthoprymnus. The latter site
suggests that the species had a much larger distribution area
in the middle Pleistocene than today. Holocene records of S.
xanthoprymms are from the Bolkar Mountains (Hir 1992),
the Caucasus (Krystufek and Vohralik 2005), Gobekli Tepe,
Sanhurfa (Peters and Schmidt 2004), and Kaman-Kale-
héyiik, Kirsehir (Hongo 1997).

FORM AND FUNCTION

Form.—The dental formula is i 1/1, ¢ 0/0, p 2/1, m 3/3,
total 22 (Karabag 1953; KryStufek and Vohralik 2005;
Mursaloglu 1964; Ozkurt et al. 2007). The Ist upper
premolar has 1 root, and the 2nd upper premolar and the
upper molars have 3 roots each. The lower premolar has 2
roots, and the lower molars have 4 roots each {KryStufek
and Vohralik 2005; Ozkurt et al. 2007). Nevertheless,
intraspecific variation in number of roots has been observed
in the lower premolar and the lower and upper molars
(Dikmenli 1996).

There are 4 (1 pair pectoral, 2 pairs abdominal, and 1
pair inguinal} or, more commonly, 5 (1 pair pectoral, 2 pairs
abdominal, and 2 pairs inguinal) pairs of mammae in
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females (Karabag 1953; Krystufek and Vohralik 2005).
Intraspecific variation in number of mammae occurs in
other sciurids (Bryant 1945).

As in other species of ground squirrels (Kivett et al.
1976), in Spermophilus xanthoprymnus, anal glands, present
in both sexes, open through 3 retractable, nipplelike papillac
near the anal aperture, 1 medial and 2 lateral (Karabag
1533). These glands are involved in scent communication
(Kivett et al. 1976).

As is typical of mammals, male S. xanthoprymnus have 3
accessory reproductive glands: the vesicular gland (vesicula
seminalis), the prostate, and the bulbourethral gland {Cow-
per’s gland), arranged in order from the beginning of the
urethra to caudal body parts. Means = 5D (ranges) of some
measurements {mmy) for these glands (n = 69} were: length of
vesicular gland, right: 3.96 = 0.48 (2.40-4.80), left: 3.70 +
0.55 (2.354.80); length and width, respectively, of prostate
gland, 2.55 = 0.38 (1.65-3.20}, 2.63 = 0.45 (1.60-3.65),
length of bulbourethral gland, right: 2.32 * (.33 (1.80-3.10),
left: 2.37 = 0.39 (1.40-3.25—Cakir and Karatas 2004).
Histologically, the vesicular gland is composed of branched
tubulo-alveolar glands. The prostate has only a few tubulo-
alveolar glands and it has dense fibrous connective tissue
between alveoles characteristic of seasonal reproductive
activity in a hibernating species. The bulbourethral gland
is 4 tubulo-alveolar gland with a large and serrated lumen
and septa between alveoles consisting of fibro-muscular
fibers {Cakir and Karatas 2004).

Function.—In Spermophifus xanthoprymnus, the hiber-
nation pattern has been studied both in the field and in the
laboratory and is similar to that in other species of ground
squirrels such as S. cite/fus (Hut et al. 2002) and 5 species
that were formerly wncluded in Spermophilus but were
recently reassigned to new genera (Helgen et al. 2009):
arctic ground squirrel (Urocitellus parryii—Barnes and
Ritter 1993), Belding’s ground squirrel (I/. beldingi—French
1982), Richardson’s ground squirrel (U. richarsonii—Mich-
ener 1992), Columbian ground squirrel (U columbianus—
Young 1990), and golden-mantled ground squirrel (Calio-
spermophilus lateralis—Twente and Twente 1967). The
hibernation season, which lasts from about late summer or
early autumn to late winter or early spring, is characterized
by numerous torpor bouts (periods of low body temperature
lasting longer than 24 h) interrupted by brief periods of
euthermia (Fig. 4). Body temperature often exhibits a
moderate {(2-4°C), slow (taking several hours) decline before
the st test drop or torpor bout. Test drops (periods of low
body temperature lasting less than 24 h) before the 1st
torpor bout are commonly observed. Test drops and torpor
bouts precede any significant decline in soil temperature (in
the field) or air temperature (in the laboratory). In the
laboratory, duration of torpor bouts lengthens gradually
and, toward the end of the hibernation season, shortens
gradually; however, in the field, duration of torpor bouts
lengthens progressively throughout the hibernation season
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Fig. 4.—Hibernation patterns of 2 representative adult females
Spermophilus xanthoprymnus {rom Bezirhane, Gdlbag:, Ankara,
Turkey, as shown by body temperatures during the hibernation
period for a, an adult female living in the field and b, an adult
female housed in the laboratory (from Kart Giir 2008). Dashed
lines indicate soil temperature in a and air temperature in h. Soil
temperature in the field was recorded continuously at 30-min
intervals by a temperature data logger at 1 m depth. Air
temperature in the laboratory was set, Ist from 22°C to 6°C in
late August and then from 6°C to 22°C in early May.

and shortens only a few days before the final arousal
(Fig. 4). Body temperature during torpor bouts seems to
follow ambient (soil or air) temperature closely (Kart Giir et
al. 2009).

Entry times into short torpor bouts (=5 days), which
occur very early in the hibernation season, are slightly
concentrated in evening hours (modal time = 2000 h).
However, entry times into long torpor bouts (5 days or
longer) and arousal times from either short or long torpor
bouts are not concentrated at any time of day. Also, entry
into and arousal from test drops occur at a certain time of
day (Kart Giir ¢t al. 2009).

Despite robust circadian rhythmicity in body tempera-
ture during euthermia, there is no evidence of circadian
rhythmicity in body temperature during hibernation. Pa-
rameters of the body temperature rhythm during the
euthermic stage preceding hibernation for free-living (n =
21) and laboratory-housed (n = 12) individuals, respectively,
are as follows (mean and 95% CI): mesor (the average value
around which the variable oscillates, °C), 37.2 (37.0-37.4),
36.8 (36.4-37.1); amplitude (the difference between the peak
and the mean value of a wave, °C), 0.9 (0.8-1.0), 1.0 (0.9-
L.1); acrophase (the time of day at which the peak of a
thythm occurs, h), 1211 (1156-1225), 1332 (1205-1458);
robustness (the stationarity of a rhythm, %), 38 (34-42), 56
(48-64). The only difference between the field and labora-
tory means is in robustness of the rhythm. Robustness is
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cousiderably higher in the laboratory than in the field,
probably because of the more stable environment of the
laberatory (Kart Gir et al. 2009).

Body mass of S. xanthoprymmus varies with season, age,
and sex. At emergence from hibernation, males are heavier
than females in the same age class, and older adults (=2 vears
old) are heavier than yearlings in the same sex class. Body
mass (g; mean * SD, range) at emergence in spring for
reproductive males and females, respectively, from Gélbagi,
Ankara (in central lowland Anatolia) were: older adults,
283.8 + 32.1(235-335, 1 = 12), 177.9 £ 22.4 (140-220, n =
28); yearlings, 191.0 = 21.8 (165-220, n = 10), 1454 * 193
(115-185, n = 14). Nonreproductive yearling males (i.e.,
those with abdominal testes) have relatively low spring body
mass (135-160 g; based on pooled data from Giir and Kart
Gir [2005] and Kart Gur [2008]). Yearlings of both sexes
and older females are at their lowest body mass of the active
scason at emergence. Females gain body mass throughout
gestation, but lose body mass at parturition (about 25-50 g).
Body mass is almost constant during lactation, but increases
after mid-June in Gélbast, Ankara, through the end of the
active season. Older males lose body mass during the mating
seasorn, whereas yearling males gain body mass after
emergence. Thus, after 1-2 months of activity in spring,
body mass is indistinguishable between yearling and older
males. Males increase body mass after June in Gdlbass,
Ankara, through the end of the active season (Giir and Kart
Giir 2005).

ONTOGENY AND REPRODUCTION

Ontogeny.—Ulterine litter size is 5.2 *+ 0.9 (mean = 8§D,
range = 3-6,n =23)with 2.9 = 1.3 {range = 0-6,n = 23) and
2.3+ 1.2 (range = 0-5, n = 23) embryos in the right and left
uterine horns, respectively. Embryos are equally distributed in
the 2 uterine horns. Embryo distribution is not associated
with uterine litter size (based on data in Karabag [1953:table
5]). Litter size at birth is 5.8 = 2.4 (range = 4-9, n = 4) in the
laboratery (Giir and Kart Giir 2005) and there is no
significant difference between uterine litter size and litter size
at birth (based on data in Giir and Kart Giir [2005] and
Karabag [1953]). Neonates are naked and pink with eyes and
ears closed and teeth unerupted. Body mass of neonates is 5.7
* 0.5g(range = 5.0-6.7 g, n = 23). Litter mass at birth is 32.7
+ 11.8 g (range = 21.7479 g, r = 4—Giir and Kart Gir
2005). Means of standard external measurements (mm) for
neonates (n = 4) were: total length, 54; length of tail, 8; length
of hind foot, 7; length of ear, 1. Pelage appears at 15-17 days,
eyes open at 22-25 days, lower and upper incisors erupt at 25—
27 days, ears open at 30 days, and weaning occurs at 45—
50 days (Ozkurt et al. 2005).

Body mass of newly emerged juveniles is 62.1 £ 168 g
(mean * SD, range = 40-100 g, n = 42). Litter mass at 1st
emergence from the natal burrows is 292 g Thus, at 1st
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emergence from the natal burrows, juveniles have a body
mass about 25% and litters 115-120% of body mass of the
mother (247.5 + 23.2 g, range = 210-275 g, » = §). Juveniles
increase body mass throughout the active season. There is no
significant difference between growth rates of juvenile males
and females (males, 18.7 g/week; females, 19.0 giweek—Giir
and Kart Gitr 2005).

Births occur underground, in April in central lowland
Anatolia (Gir and Kart Gir 2005) and in May in
northeastern highland Anatolia and adjacent Armenia
(Krystufek and Vohralik 2005). Juveniles 1st emerge from
natal burrows when about 4 weeks old, in May in central
lowland Anatolia (Gir and Kart Giir 2005) and in June in
northeastern highland Anatolia and adjacent Armenia
{Krystufek and Vohralik 2005). Litters thus appear above-
ground about § weeks after females emerge from hiberna-
tion. Dates of the mother’s 1st capture and emergence of her
litter from the natal burrows are positively correlated,
mdicating that early-emerging females wean litters at an
earlier date than late-emerging females. Litter size at 1st
emergence from the natal burrows is 4.7 £ 1.4 (mean = SD,
range = 3-9, r = 13) in the field. The most common litter
sizes are 4 (46%) and 5 (33%—Giir and Kart Giir 2003).

Reproduction.—Spermophilus xanthoprymnus usually
mates in March in central lowland Anatolia (Gir and Kart
Giir 2005; Karabag 1953) and in April in northeastern
highland Anatolia and adjacent Armenia (Krystufek and
Vohralik 2005), soon after females emerge from hibernation
(as in other species of ground squirrels [Gir and Kart Gir
2005:table 2J; see “Behavior” section for the emergence
sequence of age and sex classes). However, the species
emerges and therefore mates later at higher elevations than
at lower elevations. For example, a field-impregnated female
from a high-elevation site (1,900-2,900 m) in the Bolkar
Mountains gave birth on 27 May in captivity (Ozkurt et al.
2005). Assuming a gestation period of about 25 days (see
below), this female probably emerged at the end of April and
mated at the beginning of May. The mating season lasts for
a period of about 3 weeks in central lowland Anatolia (Gur
and Kart Giir 2005},

Males reach adult body size during their 2nd summer.
For this reason, many of yearling males probably do not
reproduce, but all older males (about 2 years old or more)
do. However, yearling males usually have scrotal testes when
they emerge from hibernation or shortly thereafter, espe-
cially in central lowland Anatolia, but their testes are smaller
than those of older males. All older males have scrotal testes
at emergence from hibernation and therefore can inseminate
females shortly thereafter. Testes of males regress during
April in central lowland Anatolia {(Giir and Kart Gir 2003).

Females produce 1 litter per year, commencing as
yearlings. Females mate shortly after emergence from
hibernation. Maximum latency between emergence and
conception is 4.6 = 1.0 days (mean * SD, range = 3-
6 days, n = 7). Latency between last arousal from torpor and
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conception, determined for laboratory-impregnated females,
is 7.7 £ 1.5 days (range = 6-9 days, n = 3). Gestation period
is 25.4 * 0.6 days (range = 25-26 days, n = 5—Giir and
Kart Giir 2005).

ECOLOGY

Population characteristics.—The sex ratio among both
juvenile and yearling Spermophilus xanthoprymnus does not
differ from 1:1, but the sex ratio among older adults
(=2 years old) is biased toward females, indicating that the
sex ratio is adjusted within the 2nd year of life of a cohort.
This pattern suggests that from their 2nd year of life as
yearlings onward, males experience higher mortality than
females. Interyear recovery rates of males and females are
more similar among juveniles (11% and 16%, respectively),
but less similar among adults (including yearlings and older
adults; 8% and 30%, respectively). In other words, among
adults, males are less likely to be recovered the following
year than females, thus supporting the suggestion of sex-
biased mortality (Giir and Barlas 2006). As noted above,
many yearling males probably do not reproduce, but all
older males do (Giir and Kart Giir 2005). Thus, the youngest
age at which the female-biased sex ratio is apparent
coincides with the 1st successful mating attempts of males,
a pattern observed in many other species of ground squirrels
(Giir and Barlas 2006:table 3), probably because dispersal is
potentially risky {Schwartz et al. 1998) and males usually
disperse from their natal areas during the active season
before they reproduce successfully (Holekamp 1984). Fur-
thermore, higher mortality of males as a consequence of
their overwintering and mating strategies is likely to increase
the female bias among older aduits (Gir and Barlas 2006).

In S. xanthoprymnus, males are probably the shorter-
lived sex. The shorter life span of males is a demographic
consequence of sexual differences in survival between males
and females, as is the female-biased sex ratio among older
adults (Giir and Barlas 2006). Giar and Barlas (2006)
reported that on the study area in the 3rd year of their
study, 7 (44%) of 16 females were yearlings, 3 (19%) were
=2 years old, and 6 (37%) were =3 years old. In contrast, 6
(60%) of 10 males were vearlings, and 4 (40%) were =2 years
old, but none had a minimum age of 3 years. Furthermore,
of 11 8 xanthoprymnus resident on the study area
throughout the 3 years of study, only 2 were males.

Population densities of adult males and females during
late March in 2000 were 2.3 individuals/ha (7 males) and 6.3
individualstha (19 females), respectively, based on the study
of Giir and Barlas (2006) of a 3-ha area. Population density
increased dramatically to about 33 individuals/ha (about 100
individuals—Gir 2001) with the synchronous emergence of
litters from the natal burrows during the 2nd half of May
and then decreased throughout the summer mainly due to
dispersal and mortality.
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Space use.—Spermophilus xanthoprymnus primarily in-
habits steppes and alpine meadows within its distribution
area. The species is mainly distributed in the central and
northeastern Anatolian climate zones, which are colder and
drier than other climate zones in Turkey (see Unal et al.
[2003] for the recently redefined climate zones of Turkey).
The close correspondence between the 2 climate zones and
the distribution arca of S xanthoprymnus suggests that
distribution is determined, at least to a certain extent, by
climate, probably especially by summer precipitation {Gir
2007).

Some plant species occurring in the habitat of &
xanthoprymnus are, in central lowland Anatolia, Ama-
ranthaceae: Saflsola kafi;, Apiaceae: Eryngium campestre,
Torilis leptophylla; Asteraceae: Achillea setacea, Artemisia
fragrans, Centaurea solstitialis, C. squarrosa, Scolvmus
hispanicus, Senecio vernalis, Euphorbiaceae: FEuphorbiu
tinctoria; Fabaceae: Alhagi camelorum, Astragalus angusti-
Sfolius; Geraniaceae: Erodium laciniatum; Lamiaceae: Saivig
aethiopis, S. cryptantha, Teucrium polium, Thymus spyleus,
Ziziphora capitata; Plantaginaceae: Veronica polita; Poaceae:
Bromus tectorum, Cynodon dactylon, Festuca ovina, Poa
bulbosa; Solanaceae: Hyoscyamus niger; Urticaceae: Parie-
taria judaica; Valerianaceae: Centranthus longiflorus, Zygo-
phyllaceae: Pegantm harmala; and, in northeastern highland
Anatolia, Apiaceae: Eryngium campestre, Asteraceae: Echi-
nops ritro; Fabaceae: Astragalus microcephalus; Gramineae:
Agropyron repens; Poaceae: Bromus tomentellus, Festuca
valesiaca (Karabag 1953; Yigit and Colak 1998; Yigit et al.
2003). In Aksaray plain, 8. xanthoprymnus lives on bare
ground with scattered clumps of Juncus or bushes of
Peganum harmala (Krystufek and Vohralik 20035).

Spermophilus xanthoprymnus uses burrows for sleeping,
thermoregulation, refuge from predators and unfavorable
weather, copulation, rearing litters, and hibernation. There
are 3 types of burrows: auxiliary burrows, nest burrows, and
hibernation burrows (Karabag 1953). Auxiliary burrows,
used mainly for retreat, are simple and of shallow depths
{21-57 cm) and usually consist of a single tunne!l descending
gradually to a slightly enlarged space that does not contain a
nest. Nest and hibernation burrows are more complex than
auxiliary burrows. They extend to depths of 67-219 ¢cm and
have 1 or 2 openings, a few branching tunnels, | nest
chamber, and sometimes 1 food chamber (observed in at
most 15 of 36 nest and hibernation burrows excavated—
Karabag 1953). Nest chambers are usually built near the
deepest part of the burrow system and contain nest materials
composed of shredded grasses (Poa bulbosa; Fig. 5). Food
chambers may contain bulbs, seeds, and rabbit and sheep
feces. Abandoned auxiliary burrows may be used by
Tristram’s jird (Meriones tristrami—Xarabag 1953), Bum-
blebees ( Bombus fragrans—Rasmont et al. 2008) and a smail
passerine, the Isabelline wheatear (Qenanthe isabellina—
Ramsay 1914) also may use burrows of S. xanthoprymnus.
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Fig. 5.—Adult Spermophilus xanthoprymnus carrying vegetation,
perhaps transporting nest materials to its burrow, in Bala, Ankara,
Turkey, on 31 March 2007. Used with permission of the
photographer, M. Ozbek.

We have sometimes accidentally liveirapped Isabelline
wheatears while trapping S. xanthoprymnus.
Diet.—Spermophilus xanthoprymnus 1s predominantly
herbivorous, consuming primarily seeds, leaves, stems,
seedlings, and bulbs. The diet changes seasonally, with green
vegetation constituting the bulk of the diet in spring and
seeds the bulk of it in summer, largely because of increased
availability in the habitat. The natural plants consumed
include Alliaceae: Allium; Apiaceae: Eryngium; Asteraceae:
Achillea setacea, Artemisia fragrans, Centaurea solstitialis,
Scorzonera cana, Xanthium spinosum;, Brassicaceae: Capsella
bursa-pastoris, Euclidium syriacum, Sisymbrium altissimum;
Fabaceae: Astragalus oxytropifolius, Trigonella brachycarpa,
Geraniaceae: Erodium laciniatum, Plantaginaceae: Veronica
pofita; Poaceae: Bromus tectorum, Eremopyrum, Poa bulhosa,
Ranunculaceae: Ranunculus constantinopolitanus, Zygophyl-
laceae: Peganum harmala (Karabag 1953; Kart 2000; Kral
and Benli 1979; Krystufek and Vohralik 2005). The animals
consumed, based on analysis of stomach or fecal contents,
include insects such as Coleoptera, Hemiptera, Lepidoptera
{Agrotis), Orthoptera (Gryflus), and Formicidae; earthworms
{Lumbricidae); and small vertebrates such as lizards (Lacer-
tilia——Karabag 1953; Kart 2000). 1n addition, frog (Anura)
and Williams’s jerboa (Alactaga williamsi} remains were
observed at burrow entrances. S. xanthoprymnus also may
exhibit a cannibalistic tendency in nature and captivity. The
species meets its water need by consuming green vegetation.

Water is rarcly drunk, because it is usually not available
(Karabag 1953).
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Spermophilus xanthoprymaus living near cultivated fields
consumes seeds and seedlings of wheat (7Triticum), barley
(Hordeum), oat (Avena), rye (Secale), alfalfa (Medicago),
trefoil { Trifolium), and chickpea (Cicer). Because the species
may damage various crops and therefore may cause
economic losses, it has sometimes been considered an
agricultural pest and the subject of control programs (Alkan
1945; Karabag 1953; Kral and Benli 1979; Tungdemir 1987;
Yiizbas and Benli 1995). The commeon form of control has
been to use chemical toxicants such as strychnine sulfate,
thallium sulfate, and zinc phosphide distributed on wheat
(Alkan 1945; Kral 1975).

Diseases and parasites.—Ectoparasites include fleas
(Siphonoptera: Nasopsyllus fasciatus and Pulex irritans)
and ticks (Acari: Ixodidae: Ixedes and Haemasphysalis).
Fleas can transmit diseases such as the plague, murine
typhus, and tularemia, although Spermophilus xanthoprym-
nus itself (given in the article incorrectly as Citellus citellus) is
not known to be infected with any of them (Uslu ¢t al. 2008).
Endoparasites include tapeworm cysticerci (Taenia—Kara-
bag 1953) and the protozoans Toxoplasma gondii (Karatepe
et al. 2004), Eimeria callospermophili, E. morainensis, E.
pseudospermophili, and E. lateralis (Cicek et al. 2010). S
xanthoprymnus may serve as a natural reservoir of toxo-
plasmosis for carnivores, especially for Felidae, because
cysts of T. gondii have been found in the muscles of 5.
xanthoprymnus (Karatepe et al. 2004).

Interspecific interactions.—Spermophilus xanthoprymnus
co-occurs most commonly with Afllactaga williamsi, the gray
dwart hamster (Cricetulus migratorius), Tristram’s jird
(Meriones tristrami), Brandt’s hamster (Mesocricetus
brandti), voles (Microtus), the house mouse (Mus musculus),
and the lesser blind mole rat (Spalax feucodon—Ozkurt et al.
2005; Yigit and Colak 1998; Yigit et al. 2003). There is no
mention of interspecific competition for the species. How-
ever, we observed an agpressive encounter between S
xanthoprymnus and a mole rat, probably for burrow space.

Spermophilus xanthoprymnus may be prey to any small-
or medium-sized predators in its habitat. Natural predators
include the eagle owl (Bubo bubo—Obuch 1994), long-legged
buzzard (Buteo rufinus; Fig. 6), falcons (Falco naumanni, F.
tinnynewlus, and F. vespertinus--Giir and Barlas 2006;
Steiner and Vauk 1966), and the red fox {Vulpes vulpes—
Karabag 1933). Domestic dogs (Canis familiaris—Karabag
1953) and the domestic cat {Felis catus—Giir and Barlas
2006) also prey on the species. Giur and Barlas (2006)
reported that of 28 adults (8 males and 20 females) resident
in spring, 32% (2 males and 7 females) disappeared over a 1-
week period in the Ist half of June and did not reappear
thereafter. The disappearance of these ground squirrels was
probably due to predation, likely by | or 2 domestic cats that
were observed frequently in the study area between late May
and mid-June. Potential predators also include the least
weasel (Mustela nivalisy and marbled polecat (Vormela
peregusna—Gir and Barlas 2006; Kart Gir 2008). Other
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Fig. 6.—Juvenile male Spermophilus xanthoprymnus captured by a
long-legged buzzard (Buteo rufinusy in Ayranci, Karaman, Turkey,
in 2007. Used with permission of the photographer, T. Zeybek.

potential predators, based on behavioral responses of §.
xanthoprymnus, include eagles (Aquila—Kryitufek and
Vohralik 2005) and the grass snake (Natrix nafrix—Karabag
1953). These records indicate that the species is an important
prey item in steppe areas for a wide range of avian,
mammalian, and reptilian predators.

Miscellaneous.—Spermophilus  xanthoprymnus is easily
trapped using treadle-style, wire-mesh live traps (e.g., Single
Door Squirrel/Muskrat Trap, model 202, 48 by 15 by 15 cm
with 2.5 by 2.5-cm wire mesh; Tomahawk Live Trap Co.,
Tomahawk, Wisconsin) baited with peanut butter, placed at
burrow entrances (Giir and Barlas 2006; Gir and Kart Gir
2005; Kart Gir et al. 2009), although some individuals are
trap-shy {Gir 2001). Individuals are also easily marked
permanently with a numbered metal tag in cach ear. In
addition, fur is painted with a commercial hair dve in
individually recognizable patterns to facilitate field recogni-
tion at a distance. Individuals are identified as juvenile if
trapped during the active season of their birth year and as
adult after their 1st hibernation. Thus, the term *‘adult”
includes yearlings that had hibernated once and older adults
(=2 years old) that had hibernated more than once. Juveniles
are distinguished from adults by body size and mass during
most of the summer. Anogenital distance, which is shorter in
females than in males, is a reliable character for determining
sex at any age, including newborn (Giir and Barlas 2006; Giir
and Kart Gir 2005; Kart Giir et al. 2009).

HUSBANDRY

Spermophilus  xanthoprymnus is housed successfully
under both uncontrolled and controlled laboratory condi-
tions (Gir and Kart Giir 2005, Karabag 1953; Kart 2000;
Kart Giir et al. 2009; Yigit et al. 2000). Free water is
essential if individuals are fed dry food. Captive individuals
are maintained on an ad libitum diet of commercial rat chow
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and water (supplemented regularly with sunflower seeds,
grains, and greens—Kart Gir et al. 2009); however, they
appear to prefer the other foods to commercial rat chow.
Field-impregnated females successfully give birth and rear
their pups in captivity. Although there is no systematic
captive breeding program for the species, reproductively
mature males are paired with females inside the female’s
cage within the Ist week of continuous activity in captivity in
early spring (Giir and Kart Gir 2005).

BEHAVIOR

The time of emergence from hibernation by Spermophi-
lus xgnthoprymnaus varies among years and geographic
populations depending on local environmental conditions.
Earlier times of emergence in the study area in 2001 than in
2000 were associated with warmer than normal spring
temperatures (Gur and Kart Giir 2005). The species usually
emerges from hibernation in March in central lowland
Anatolia (Gir and Kart Giir 2005) and in April in
northeastern highland Anatolia and adjacent Armenia
(Krystufek and Vohralik 2005). However, time of emergence
is later at higher elevations than at lower ¢ievations, For
example, S. xanthoprymnuus emerges from hibernation in
mid-May at a high-elevation site (2,900 m) in the Bolkar
Mountains (Ozkurt et al. 2005). The species immerges into
hibernation in August and the 1st half of September in
central lowland Anatolia (Gir and Kart Gur 2005; Kart
Giir 2008) and probably later in northeastern highland
Anatolia and adjacent Armenia. Thus, S. xenthoprymnus is
active mainly from March to September, and hibernates
during the remaining months. However, individuals become
relatively inactive prior to hibernation (Kart 2000).

Reproductive males emerge from hibernation before
females in the same age class and older adults before
yearlings in the same sex class. Nonreproductive yearling
males that have relatively low spring body mass emerge later
than their reproductive counterparts. Adults immerge into
hibernation before juveniles, and adult females before adult
males. Juvenile males and females immerge at the same time
{Giir and Kart Giir 2005; Kart Giir 2008).

Spermophilus xanthoprymnus 1s strictly diurnally active.
Aboveground activity decreases at midday especially during
midsummer. In hot days, some individuals in traps cool
themselves by using evaporative cooling of salivation {Kart
2000). One of us (M. Kart Giir} has sometimes found that
individuals trapped in midday have died in traps, presum-
ably because of overheating. Commercial trap covers,
cardboard affixed to tops of traps or shading traps with
vegetation could be helpful to reduce the likelihood of
mortality from heat stress (Murie 1982),

Spermophilus xanthoprymnus copulates underground
{Gir and Kart Gir 2005). The mating system is probably
polygynous, because the sex ratio among reproductive
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individuals is biased toward females (Gur and Barlas 2006)
and all females mate during the mating season (Gir and
Kart Giir 2005). During early spring, older males (=2 years
old) spend more time moving and less time foraging than
females. Furthermore, older males engage in injurious fights.
Thus, during the mating season, older males lose body mass,
as a result of increased energy expenditure and reduced
energy intake (Giir and Kart Giir 2005). No information is
available on social organization, spatial associations, and
kinship relationships.

GENETICS

Chromosomal data are available for numerous popula-
tions of Spermophilus xanthoprymnus from Polath, Ankara,
and Selguklu, Konya, in the west to Armenia and Makil, Iran
in the east, thus covering most of its distribution area. The
species is characterized by a karyotype with a diploid number
(2n} of 42 chromosomes with variable numbers of autosomal
arms (NFa = 64, 66, 74, 76, or 78); the X chromosomie is
metacentric or submetacentric, whereas the Y chromosome is
biarmed or acrocentric (Arslan 2005; Dogramaci et al. 1994;
Gaffaroglu and Yiiksel 2006; Gindiiz et al. 2007a; V. N.
Orlov et al., in litt.; Ozkurt et al. 2002, 2007; Vorontsov et al.,
in litt.; Yigit et al. 2006b; Zima and Kral 1984). For example,
Ozkurt et al. (2002) report that the karyotype of S.
xanthoprymnus from the type locality consists of 2 pairs of
metacentric, 17 pairs of submetacentric, and 1 pair of
acrocentric autosomes (thus resulting in an NFa = 78), a
metacentric X chromosome, and an acrocentric Y chromo-
some. The diploid number of chromosomes (2n = 42)
distinguishes the species from S. citellus and S. taurensis (2n
= 40—Giindiiz et al. 2007a; Ozkurt et at. 2007).

In blood serum proteins (globulin and albumin)
electrophoretically analyzed for several populations of S.
xanthoprymnus, polymorphism is observed especially for
globulin; 9, 10, or Il separate bands are present. S
xanthoprymaus differs from S. taurensis, another species of
ground squirrel living in Anatolia, especially with respect to
postalbumin; 1 or 2 (S. xanthoprymeaus) and 4 (S. taurensis)
separate bands are present (Colak et al. 2006; Colak and
Ozkurt 2002).

Phylogeographic analyses of molecular data show that
S. xanthoprymrus is most closely related to the ¢lade
represented by S. citellus and S raurensis (Giindiiz et al.
2007a; Yigit et al. 2005). DNA sequences for the haplotypes
(165 rRNA [Yigit et al. 2005), cytochrome-b, tRNAs + D-
loop, X chromosome, and Y chromosome [Giindiiz et al.
2007a] haplotypes) used in those phylogeographic analyses
are available in GenBank for further studies. Molecular
dating using cytochrome-b data suggests that S. xantho-
prymnus diverged from the common ancestor of S. citeflus
and S. taurensis approximately 5 million years ago (Giindiiz
et al. 2007a), or 5-9 million years after early diversification
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of the genus Spermophilus restricted to Eurasia (estimated to
have occurred 10-14 million years ago—Harrison et al.
2003). The underlying cause of this divergence may be the
communication of the Mediterrancan with the Atlantic
Ocean and therefore the separation of Europe from Anatolia
at the end of the Miocene, about 5.3 millicn years ago {see
Koufos et al. [2005] for paleogeographic changes in the
eastern Mediterranean). S. xanthoprymnus is phylogeo-
graphically structured into 5 cytochrome-b lincages that
likely diverged 0.30-0.75 million years ago with the majority
of population splits taking place 0.50-0.65 million years ago.
These cytochrome-# lincages have signals of recent range
expansion (Giundiz et al. 2007a). Gindiiz et al. (2007a)
suggested that the species survived the last glacial maximum
in small suitable habitats (refugia) and that postglacial
recolonization of Anatolia arose from these refugia. In the
last glacial maximum, and probably in other glacial maxima,
when the climate is thought to have been drier, colder, and
more seasonal in Anatolia (Atalay 1992, 1996), it is likely
that S. xanthoprymnus shifted its range toward small suitable
habitats (refugia} where summer precipitation was suffi-
ciently high to allow accumulation of the fat reserves
required to survive the prolonged winters under more
extreme glacial conditions (Giir 2010). According to Giindiiz
et al. (2007a), mountain ranges may have been refugia
during the last glacial maximum because precipitation was
higher there than at lower elevations.

CONSERVATION

Spermophilus xanthoprymnus was initially rated as
“Least Concern/Lower Risk” on the 1996 International
Union for Conservation of Nature and Natural Resources Red
List of Threatened Animals (Baillie and Groombridge 1996).
The species is presently listed as “Near Threatened” on the
2009 International Union for Conservation of Nature and
Natural Resources Red List of Threatened Species (Interna-
tional Union for Conservation of Nature and Natural
Resources 2009), because it was postulated that population
size may have declined by approximately 20-25% over the
last 10 years due to large-scale agricultural activities that
result in habitat destruction and fragmentation, especially in
central lowland Anatolia. 8. xanthoprymnus also is almost
qualified as “Vulnerable” under criterion A2c (KryStufek et
al. 2008). Furthermore, the species is presently listed as
“Under Protection” by the Republic of Turkey Ministry of
Environment and Forestry. In spite of the above-mentioned
evaluations, however, populations have not been studied 1n
any systematic way. Special attention should be given to
some populations (e.g., in the Teke Peninsula and Cukurova
plain; see “Distribution” section).

One method for capturing S. xanthoprymnus (by
researchers and others) has been (o pour water down
burrows, thereby forcing individuals to the surface (Cakir
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and Karatag 2004; Karatepe ct al. 2004; Kral 1975; Kral and
Benli 1979; Tungdemir 1987). Clearly, this method should
not be used by researchers (or anyone else), because it poses
a threat to the study population, especially in the lactation
period.
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